Major crustal fault zones have displayed high reflectivity on obs~rved compression~l.reflection profiles and synthetic models of laboratory measurements.
INTRODUCTION
Seismic reflection studies over the past 20 years have led to an improved understanding of major crustal fault zones. To date these studies have focused on compressional wave structure, [e.g., Smithson, 1979; Cook et al., 1981; Matthews and Cheadle, 1986; McCarthy, 1986] . Seismic energy also propagates as shear waves, yet very little research has addressed fault' zone shear wave reflection s~cture. Shear wave reflectors have been observed in the lower crust on seismic sections across northern England [Wwd and WaJ?ler, 1989] and the former USSR [Alekseev ei al., 19?8] , Goodwin et al. [1989] distinguished reflector origin by comparing pl1ase and amplitude of both compressional' and shear wave arrivals." These initial shear wave,studies&uggest that major fault zones m~y have' significant observable shear wave reflectivity.
The following questions are paramount tq understanding fault zone shear wave reflectivity; To what extent are fault zones reflective to shear wave energy? For example, do shear wave reflections show the same high amplitudes that are often observed in~ompressiona1 wave reflection proflles? If fault zone mylonites are reflective to shear energy, what is the origin of the reflectivity? How will freqlieIWY,depth, and incidence angle affect the shear wave reflectivity?
This study addresses the shear wave reflectivity of a fault zone by using laboratory-measured shear wave velocities and densities of mylonite samples from the Brevard fault zone in the southeastern United States to calculate synthetic reflection seismograms. 1be studied samples come from a continuous drill core, which penetrated a depth of 300 m. Compressional wave reflectivitY of this drill core section was previously investigated by Christensen (lnd Szymanski [1988] , who showed significant compressional wave reflectivity due to compositional layering, anisotropy, and constructive interference of seismic energy, The
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Paper number 92JB02275. o 14j1-0227/93/92JB-02275$05.00 following analysis of shear wave properties of rocks from the Brevard fault zone provides infonnation on shear wave reflection structure within fault zone mylonites and correlates this stI'ucture Withcompressional results [Christensen and Szymanski, 1988] , GEOLOGIC SETI1NG The Brevard fault represents a kilometer-wide mylonitic zone which stretches 725 Jml from North Carolina southeast to Alabama (Figure la) . The linear trace of the Brevard fault structurally divides two crystalline provinces of the Southern Appalachians-the Blue Ridge to the northwest and the Inner Piedmont to the southeast. The Brevard zone splays at its southern and northern ends where its cataclastic features are less prQnounced. Keith [1905] first described in detail the mylonites near Brevard, North Carolina as a kilometer wide zone of intensely sheared, meta-sedimentary and meta-volcanic rocks. The phyllonites of the Brevard show two stages of metamorphism-a garnet amphibolite phase and a more dominant retrograde greenschist phase [Hatcher, 1970; Roper and Justus, 1973] . Intense shearing and metamorphism have prQdu~ed a strong foliation which strikes subparallel to the fault trace and dips shallowly to the southeast The complex deformation of the Brevard fault zone places the upper amphibolite metavo1canics (lnd intruded gneisses of the Inner Piedmont upon the greenschist to qpper amphibolite meta-sedimentary and basement rocks of the Blue Ridge [Jonas, 1932; White, 1950; Reed and Bryant, 1964; Hatcher, 1968 Hatcher, , 1971 . Clark et at. [1978] investigated the subsurface geometiy of the fault by producing seismic profiles 1 kID and 0.6 Ian in length. These sections showed two shallow, high amplitude dipping reflectors, which were interpreted as the top and base of the Brevard Fault zone, giving the zone a thickness of approximately 0'.3 seconds of two way travel time (-0.9 km) . Later studies by Continental Consortium for Reflection Profiling (COCORP) across the Brevard [Cook et al., 1981 [Cook et al., , 1983 [Coruh et ai., 1987; Hatcher et al., 1987] imaged the reflectors of the Brevard fault zone splaying from a major decollement at 6 lan depth. The decollement continued to the northwest beneath the Blue Ridge as part of duplex and imbricated structures. Recent reprocessing of the ADCOH seismic data has confmned the original duplex structure by showing that all the major faults in the. Blue Ridge -Inner Piedmont crustal block, including the Brevard fault zone, sole in the master Blue Ridge decollement [Hubbard et ai., 1991] .
The ADCOH survey explored a 8600 lan2 area in the southern Appalachians for a possible location to drill a 10 to 11 km deep hole into the autochthonous North American basement and its deformed Paleozoic platform sedimentary rocks [Williams et ai., 1987; . The ADCOH survey included surface geologic mapping, seismic reflection studies, and shallow drilling. The four drill holes shown in (Figure 1b) were selected to provide information on the drilling characteristics of the different crystalline terranes in the area and to allow standard logging experiments to be performed in the holes. One hole (DH-2) located within the Brevard fault zone penetrated 300m of fault zone mylonites with nearly 100% recovery.
The core's continuous and unweathered nature creates an ideal rock section to study possible shear wave reflectivity in fault zones.
The rocks from the Brevard drill core are micaceous quartzofeldspathic mylonitic gneisses and schists. A complete lithologic log compiled from visual and thin section observations divided the Brevard rocks into three lithologic units-the Poor Mountain formation, the Chauga River formation, and the Henderson Gneiss [Williams et ai., 1987] . The Poor Mountain formation occurring at the top of the core consists of fine recrystallized phyllonites (Figure 2) , which have been thrust over a Gneiss and shows large variations in composition and grain size, including two phyllitic members and a carbonate member. Chemical analyses presented by Christensen and Szymanski [1988] , as well as modal estimates (Table I) , confIrm this compositional heterogeneity.
PHYSICAL PROPERTIES
The compressional wave reflectivity study of the Brevard mylonites by Christensen and Szymanski [1988] used 34 samples from the Brevard fault zone core spaced at actual geological intervals averaging 10 m. Shear wave velocities were measured on these 34 samples plus 9 new samples. These velocities will be used later to calculate the shear wave reflectivity. The additional samples were selected at intervals showing major compositional variability.
To investigate shear wave anisotropy, three perpendicular minicores [Christensen and Szymanski, 1988 , Figure 4 ], 2.5 cm in diameter and 4-6 cm in length, were prepared for velocity measurements. The axes of the A-cores were oriented normal to the foliations. The Band C cores were cut parallel to the foliations and perpendicular to one another, with the axes of the B cores parallel to the lineations.
The bulk density of each minicore was calculated from its weight and dimensions before jacketing.
The velocity measurement preparations include jacketing the cores in copper, attaching brass tabs on the core ends, and inserting this assembly in rubber tubing to prevent oil saturation during the high pressure runs [Christensen, 1985] . After jacketing, shear wave velocities were measured using a pulse transmission technique [Birch, 1960] to hydrostatic confining pressures of 600 MPa (equivalent to crustal depths of approximately 20 Ian). The combination of transducers used for shear measurements were AC quartz, as it sending transducer because of its low longitudinal component, and lead zirconate titanate (shear mode), as a receiver because of its large electrical output for unit displacement.
Shear wave velocities often are more difficult to measure than compressional wave velocities as a result of the relatively low output of shear transducers, the interference by the compressional energy with the shear wave fIrst arrival, and the rock's anisotropic effect on the shear energy, which often produces shear wave splitting. Each problem requires special consideration. To improve the low output of the shear signal, an amplifier enhances the signal and the brass tabs added during jacketing increase the conductance at the core ends. Using a sample length between 4 and 6 cm eliminates the compressional wave energy interference. The anisotropic effects are taken into account by careful orientation of the transducer vibration direction with rock structure.
The measured shear velocities for the A cores, at various pressures, and their densities, at atmospheric pressure, are displayed as a function of depth in Figure 4 . The shear velocities were measured to high pressures for two rea~ons. First, the typical velocity versus pressure curve for crystalline rocks generally shows a rapid increase in velocity below 200 MPa, which is related to the closing of cracks [Birch, 1960] . This applies for both compressional wave velocities [Christensen and Szymanski, 1988] and shear wave velocities ( Figure 5 ) of the Brevard mylonites. Above 200 MPa, velocity increases linearly with increasing pressure, reflecting the influence of mineralogy on velocity. Second, it is clear from the textures and mineralogies of the Brevard fault mylonites that they originated at intermediate crustal depths corresponding to pressures from 300 MPa to perhaps as high as 600 MPa. Thus, velocities measured to these pressures will be useful in ir.terpr~ting fault zone shear reflections from the deeper crust, aGwel} as at shallow depths where the fault zone extends to the surface.
Compositional Influences
Compositional influences on the shear properties are shown in Figure 6 . The single crystal averaging techniques used to obtain the monomineralic velocities have been discussed by Birch [1961] and Christensen [1965, 1966, 1982] . The mylonite velocities fall within a field defined by quartz, feldspar (microcline and oligoclase), and the phyllosilicates, chlorite and biotite. Quartz has an extremely high shear velocity for its relatively low density [Christensen, 1966] (Figure 6 ). Thus for'the Brevard mylonites, quartz will produce an increase in shear velocity as the quartz content increases. This relationship has been shown to cause the negative linear relationship between shear velocity and density in granulites [Christensen and Fountain, 1975] and siliceous' limestones .
In addition to quartz and feldspar, the Brevard mylonites also contain variable amounts of biotite and chlorite. While there is no single crystal information on chlorite, Christensen and Wilkens [1982] found a chlorite aggregate to have a high density and a low shear velocity similar to biotite. Thus for the Brevard mylonites, an increase in biotite and chlorite produces a shear velocity decrease and a density increase. This effect is magnified during metamorphism when the phyllosilicates become oriented, with their slow axes normal to the foliation, producing significant anisotropy. Finally, the shear velocities of the Brevard fault zone are spread out by varying amounts of feldspar. calcite, and muscovite, which have low shear velocities associated with low densities. Thus, the shear velocities of the Brevard fault zone rocks are governed by mineral composition and anisotropy, with particular emphasis on quartz content and mica orientation.
Shear Wave Splitting
Shear wave splitting occurs when an incident wave enters an anisotropic medium and divides into two orthogonal components, which travel at different velocities. The velocity difference produces a time separation which, over a sufficient distance, gives two clearly distinguishable shear wave arrivals [Christensen, 1984, Figure 11] . Shear wave splitting is generally attributed to preferred mineral orientation [Christensen, 1966] and/or aligned fractures [Crampin, 1985] . Christensen and Szymanski [1988] have shown that the strong foliation, due to mineral orientation, of the Brevard mylonites produces varying amounts of compressional wave anisotropy, which influenced the reflectivity. To determine the anisotropy and its effect on shear waves, we selected a few samples for detailed velocity measurements.
The structure of many foliated metamorphic rocks can be simplified by assuming that the strong foliation produces a transversely isotropic symmetry throughout the fault zone [Christensen, 1965 [Christensen, , 1966 . This symmetry was verified by determining the complete elastic properties of a Brevard mylonite. In a transversely isotropic medium propagation along the A core produces no variation in shear velocity with vibration direction, but for propagation along a B or C core, shear velocities show a maximum variation between vibrating parallel to the foliation and vibrating perpendicular to the foliation. Figure 7 shows the significant velocity differences for selected B cores. One observes the highest velocit:es for shear waves propagating and vibrating parallel to foliation.
The shear wave anisotropy, defined as the difference between the maximum and minimum velocities in a sample expressed as a percentage of the mean [Birch, 1960] , is given in Table 1 with A core velocities, as a function of pressure. Mineral and crack alignments are the primary causes of velocity anisotropy. Crack anisotropy is minimized by using pressures above 200 MPa [e.g., Siegesmund et al., 1991] . Mineral induced shear wave splitting in a rock will vary depending on the elastic anisotropy of the mineral constituents and the degree of their preferred orientation. The mineral orientation of the Brevard mylonites produces variablã mounts of compressional anisotropy [Christensen and Szymanski,
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Velocity (600MPa) Thus, the maximum observed travel time difference through a l-km-thick fault zone is 0.30 seconds. This difference would be clearly distinguishable on recorded traces for a horizontal fault slab with vertical foliation. Most major thrust 2.8 3.0 3.2 Density (x103kg/m'3) [Christensen 1965 [Christensen , 1966 [Christensen . 1982 faults however, have subhorizontal foliations giving rise to minimum shear wave splitting for normal incidence.
Velocity -Density and Vp/Vs Relationships
The need for additional subsurface information has fostered an interest in shear wave properties of various rock types. A combination of compressional and shear wave seismic profiles allows lithologic characteristics to be estimated from seismic properties. The following discussion compares the compressional wave [Christensen and Szymanski, 1988] and shear wave properties of the Brevard mylonites through an examination of the velocity and density relationships.
Since modeling and reflection profiles for regions with semi-horizontal layering relate primarily to A core velocities, the A core velocities have been selected for this discussion. In Figure  9 compressional and shear wave velocities at 200 MPa are plotted as a function of density and anisotropy. The linear regression for the compressional velocities, Vp = 1.724p + 1.318, for mylonites with low anisotropy shows the expected increase in velocity with density increases [Birch, 1961] , yet as the anisotropy increases A core velocities decrease.
This decrease corresponds to an increased orientation of the phyllosilicate minerals' slow velocity direction with the A Core orientation, during deformation. The observed negative slope in the linear regression for the shear velocities versus density, Vs = -0.529p + 4.958, is likely related to decreasing quartz content with increasing density. Quartz has a higher shear velocity relative to feldspars and micas. Although less pronounced than the decrease in compressional velocities, shear velocities also exhibit a decrease with increasing anisotropy.
The relationship between compressional and shear velocities, known as the Vp/Vs ratio, is often used to estimate the lithology of subsurface rocks from sonic logs or seismic reflection profiles [McConnack et aI., 1984; . The wide range of Vp/Vs values for the Brevard mylonites originates from variable mineral properties, but anisotropy causes complications in any estimation of lithology from seismic techniques. This wide range of compressional and shear velocities in the Brevard mylonites is shown in Figure 10 should also playa critical role in producing reflectivity within the fault zone. Christensen and Szymanski [1988] have already shown that, for compressional waves, reflectivity originates from compositional and anisotropy variations of the fault zone mylonites. The shear wave reflectivity modeling which follows also concentrates on compositional and anisotropic origins. Predicting shear wave reflectivity of the Brevard fault zone will show the usefulness of shear wave reflectioI1 surveys in imaging major fault zones and defining subsurface lithologies within fault zones. The following discussion addresses the origin of shear wave reflectivity by creating synthetic seismograms from geological fault models and measured velocities and densities. The reflectivity derived from these models will show both the lateral and vertical variation in the reflective nature of the Brevard fault. Fi!1ally, this shear wave reflectivity is compared to the compressional reflectivity to determine possible relationships between seismic mode, lithology, and reflectivity.
Geologic Model
MQdeling reflectivity requires knowledge of both the detailed fault stratigraphy and the corresponding velocity characteristics of each lithology. The geology of the Brevard fault zone shows a great deal of variability along strike (Figure 11 ) making it difficult to create a generalized stratigraphic section of the fault zone. Therefore, to investigate possible lateral heterogeneity three stratigraphic sections ( Figure 12 [1982] and Edelman et al. [1987] . Section A (Figure 12a ) contains the DH-2 drillhole section as the top portion oftbe stratigraphic column.
For complete modeling of the fault zone, it is important to include the lithologies above and below the fault zone. Above the fault zone, Griffins ' [1974] detailed mapping of the Inner Piedmont suggests three possible descriptions of the hanging wall geology. These possibilities are a highly reflective Inner Piedmont section, a seismically transparent zone produced by variable anisotropy due to severe deformation, or a thick section of Henderson Gneiss. To simplify modeling, a 100 meter slab of Henderson gneiss was placed above the fault zone. Below the fault zone lies the Tallulah Falls formation (Figure 11 ), which is represented by the fIrst 100 meters of drill hole DH-4, An impedance model for each stratigraphic section was created from measured velocities densities and thicknesses in order to determine reflectivity. Section B (Figure 12b ) has a 100 meter thick section of the Upper Phyllite member in the Chauga River formation; to create this lithologic unit, the upper phyllite samples from DH-2 were randomly sequenced to a total thickness of a hundred meters. This sequencing was repeated for every unit in the three sections, with the exception of Section A where the DH-2 section was left intact. Special care was taken to maintain the Fig. 12 ., velocity and density relationships at each contact between units while constructing the models. The randomization of samples was used to prevent imaginary sequence boundary reflections. To complete the fault zone models, additional measured velocities and densities were used for the lithologies lying above and below the fault zone.
J,{odeling Technique
One-dimensional modeling describing plane wave propagation in layered media has been developed acd used extensively in reflection seismology [e.g., Weunschel, 1960; Claerbout, 1968; Robinson and Treitel, 1977] . These modeling techniques present mathematical representations of a normal incident acoustic wave propagating through a homogeneous layered media by describing the'reflected and transmitted response of an inpl!t signal. The simple modelfug of shear wave reflectivity requires maintaining normal incigence.
Therefore all the velocities used in the impedance models were the normal A core velocities. The mathematical representation of the shcar wave propagation in a homogeneous media follows the acoustic algorithm maintaining both displacement and stress boundary conditions giving a reflection coefficient of RC = ( Zn-Zn+l )/( Zn+Zn+l ), where Zn represents the impedance (velocity times density) of the nth layer [Aki and Richards, 1980] . This varies from the acoustic model only by an inverse sign in the reflection coefficients,' which produces a 180 phase shift on the shear wave seismogram. Although the synthetic seismogram considers transmission losses at interfaces, no attempt is 'made to account for dispersion, geometrical spreading, attenuation, or multiples.
Reflectivity Results
Figures 12a-12c show the calculated reflectivity for each of the (Figures 12a and 12c) . The velocity and density models are also plotted with depth. The reflection coefficient series (RC) is shown with spikes to the right representing positive shear impedance contrasts. Finally, the resulting synthetic seismogram is shown seven times to simulate a segment of a zero-offset two-dimensional seismic record. The stratigraphic column is placed next' to the calculated synthetic seismogram to correlate reflectivity and composition. For amplitude reference, the largest reflector observed represents an interface with a reflection coefficient of -0.05.
All three reflectivity models (Figures 12a-12c) show moderate reflectivity, with relatively strong reflectors at the fault bOl1ndaries. In Figures 12a and 12b , zones lacking reflectivi~y generally correlate to units of Henderson Gneiss, while the more reflective zones are associ~ted with the Chauga River Formation. This correlation is supported by a comparison of internal reflection coefficients for both formations (Figure 13 ). Figure 13 was created by calculating reflection coefficients of internal interfaces within each formation of the DH-2 section and plotting them as a function of occurrence. From this, it is apparent that the stronger reflection coefficients (RC > 0.03) are gene~ally rel~ted to the Chauga River formation, while a majority of the weak reflectors (RC < 0.01) are found in the H~nderson Gneiss, confJfming iliat compositionill variations cause shear wave reflectivity. ' Many compressional wave studies of thin-layered models have shown that construc~ve and destructive interference ot'. the reflected seismic energy influences the observed reflectivity [Widess, 1973; Ruter and Schepers. 1978 relatively strong reflectivity in Figure 12c possibly originates from this thin bed constructive interference.
The constructive interference affects the reflectivity models because there is no direct correlation between the prominent reflection coefficients and strong reflectors.
With the exception of the reflector at the base of the fault zone, the three reflectivity models contrast strongly in their reflectivity. This difference is produced by variations in geology along the fault zone. If this variation is typical within the fault zone, shear wave reflection surveys would observe discontinuous dipping reflectors. It is likely these shear wave reflectors would resemble the discontinuous reflectors already observed on the compressional proI11es [Cook et al., 1981 [Cook et al., , 1983 Coruh et ai., 1987; Hatcher et al., 1987; Hubbard et ai., 1991] . The most prominent and continuous reflection would be observed at the base of the fault zone, providing that the geology of the Tallulah Falls formation is laterally invariant.
From the above discussion it is clear that shear wave reflectivity in the Brevard fault zone is likely to originate from a complex combinati0Il of thin layer thicknesses, compositional variations, and reflection energy interference. These factors show that the shear and compressional wave reflectivity will generally have similar origins in the Brevard fault zone.
Although Christensen and Szymanski [1988] have shown anisotropy due to mineral orientation to play an important role in enhancing compressional wave reflectivity, anisotropy does not appear to improve shear wave reflectivity.
Further research on other mylonitic fault zones is needed to better understand the reflective properties of mylonites.
Comparison ofVp and Vs Reflectivity
Comparing compressional and shear wave reflectivity presents inherent difficulties because the higher compressional velocities produce differences in two-way travel time, wavelength, and frequency. Figure 14 presents equal-depth synthetic seismograms of compressional reflectivity at 25 Hz and shear reflectivity at 25 Hz and 15.8 Hz. Each seismogram was constructed using the section A (Figure 12a ) impedance model at 200 MPa as the representative section of the Brevard fault zone. The phase of the shear wave synthetic seismograms is shifted 180 to account for the inherent phase shift between the compressional and shear wave reflectivity. Figure 14 allows comparisons of reflectivity to be made in both equal wavelength and equal frequency domains.
The equal wavelength comparison of compressional reflectivity at 25 Hz and shear wave reflectivity at 15.8 Hz ( Figure  14) shows a similar high amplitude basal reflector and a few dissimilar internal reflectors.
The amplitude of the shear reflectivity is observed to slightly less than the compressional reflectivity.
These observations suggest that constructive interference of long wavelengths in complex structural zones produces poor resolution of the internal features, bUt image instead, the dominate boundary structure of the fault zone.
The earlier shear wave reflectivity models of the Brevard fault zone however, suggests that using a higher frequency of 25 Hz produces more detailed reflectivity which corresponds to the internal geologic structure. The equal frequency comparison (Figure 14) shows the shear wave reflectivity having higher resolution, but lower amplitudes than the compressional reflectivity.
The longer wavelength of the compressional reflectivity also smooths the reflecting interfaces, enhancing the observed difference between compressional and shear data. The higher resolution of the shear reflectivity is to be expected since shorter wavelengths image smaller features.
From the comparison of compressional and shear reflectivity, significant amplitude and imaging differences can be described. First, the smaller amplitudes in shear reflectivity can be explained by examining the absolute difference in reflection coefficients. Figure 15 was constructed by calculating the absolute reflection coefficient at each interface from Figure 12a for both shear and compressional models, then subtracting the compressional coefficients from the shear coefficients to obtain the difference as a function of depth. From the reflection coefficient difference calculation, negative values correspond to stronger compressional reflectors and zero values correspond to equivalent reflectors, Figure 15 shows the compressional reflectivity being generally stronger than shear reflectivity. The stronger compressional reflectivity is derived from the effect of anisotropy on the A core velocities ( Figure 9 ).
As noted earlier, the compressional velocities are distributed by anisotropy over a wider range of values than shear velocities. This wide range of velocities was shown by Christensen and Szymanski [1988] to enhance the compressional reflectivity. Anisotropy has a lesser effect on the shear wave velocity range and no observable effect on shear wave reflectivity and, therefore, produces the observed weaker shear wave reflectivity. These results suggest that a shear reflection proI1le across the Brevard fault zone would display fewer reflectors with a high signal-to-noise ratio. Additionally, if the reflectors dip such that foliation is not normal to the source, the shear reflectivity may be obscured by the splitting of an already weak signal.
Second, there is a significant difference in the observed reflectivity when modeled at various frequencies. These frequency variations should influence the design of coupled compressional and shear reflection surveys.
Presently, compressional and shear proI1les are coupled using a compressional wave bandwidth of 14 to 50 Hz, while the shear wave frequency is half the bandwidth, ranging from 4 to 25 Hz [McCormack et ai., 1984; Edelmann and Helbig, 1989; Loyotte, 1989] . The modeled shear wave reflectivity suggests that a shear wave field survey over the Brevard fault zone using this frequency range (4-25 Hz) would produce only a dominant shear basal reflector for comparison with the compressional proI11eand, thus, very little internal structure would be dermed. A seismic line utilizing a higher-frequency bandwidth (15-35 Hz), however, would record resolvable reflections. at least at shallow depths, which derme the internal geologic structure. Unfortunately, there are limitations on the useable frequency range in shear wave surveys due to attenuation of the higher frequencies and poor shear source coupling. This means the frequency range and structure geometry need to be carefully considered when studying shear wave reflectivity. The comparison of compressional and shear reflectivity demonstrates that compressional wave reflectivity will normally be stronger than shear reflectivity. This statement does not imply that shear waves are insignificant to the subsurface study of mylonitic fault zones. Shear wave reflectivity could improve the resolution of subsurface structure and internal geology, especially at shallow depths.
SUMMARY AND CONCLUSIONS
The shear wave properties and reflectivity characteristics in a mylonite zone have been examined using measured shear velocities and densities, compositional descriptions, and one-dimensional synthetic seismogram modeling. The continuous core through a major part of the Brevard fauIt zone was essential to this study of the shear waves. It allowed for stratigraphic control, as well as unweathered samples for laboratory studies. Conclusions pertaining to the shear wave properties and reflectivity in the Brevard mylonite zone are as follows:
1. Shear velocities within the Brevard fault zone relate to mineralogy and mineral orientation. Within the mylonites an increase of quartz content and a decrease of anisotropy increases shear velocities normal to foliation.
2. The mineral constituents of the Brevard mylonites have a wide range of Vp/Vs ratios. Using these ratios to determine lithology, however, is complicated by anisotropy.
3. Shear wave splitting is minimized for propagation normal to foliation. A shift off normal incidence may effect shear wave reflectivity, because shear wave splitting will complicate field records and modeling of reflecti vity.
4. The Brevard fauIt zone is predicted to display moderate-to-weak shear wave reflections. This is related to relatively small reflection coefficients at interfaces throughout the section.
5. The shear reflectivity in the Brevard fauIt zone originates from compositional layering both within and between individual formations.
Enhancement of reflectivity by constructive interference should be common in regions with many thin layers.
6. The degree of lateral and vertical variation in the geology along the Brevard Fault zone will dictate the continuity of the observed reflectivity. Changes in thickness, composition, and stratigraphic relationships throughout the fauIt zone will produce discontinuous reflectors.
7. The anisotropic fabric of the Brevard mylonites affects shear wave velocities and will produce shear wave splitting for nonnormal incident propagation. Anisotropy does not strongly enhance the fault zone's internal shear wave reflectivity.
8. The stronger compressional reflectivity is related to a wide compressional wave velocity distribution, which creates stronger reflection coefficients.
Many major fault zones like the Brevard have been portrayed on compressional reflection profiles as semi-continuous, dipping high amplitude reflectors. Some examples are the Outer Hebrides thrust and the Moines thrust in Scotland [Matthews and Cheadle, 1986] , the Wind River thrust in Wyoming [Smithson et aI., 1979] , and the Snake Range Metamorphic Core Complex in eastern Nevada [McCarthy, 1986] . The origins of the reflectivity in these fault zones are likely to be similar to those of the Brevard. The shear wave reflectivity of these fault zones are also probably dependent on composition, structure, and frequency.
One must note that the simplest situation was described in this reflectivity study. Modeling the A cores assumes a uniform hydrostatic pressure, random orientation of fractures, and horizontally layered media.
The field conditions for shear reflection profiling will contain some deviatoric stress fields andlor foliation which will produce a degree of shear wave splitting. The simple models suggest a need to use a more sophisticated type of modeling which would include nonnormal incidence and anisotropy. This study also suggests that continued studies of faults or shear zones are necessary to truly characterize the shear wave properties and reflectivity of mylonites. These future studies on shear wave properties should examine the detailed effects of anisotropy, compositional variations, and geologic structure on shear wave reflectivity.
Finally, comparisons of compressional and shear wave properties will further our understanding of seismic imaging in mylonite zones. 
